Aflatoxins (AFs) are toxic and carcinogenic metabolites produced by a variety of fungi. Aflatoxin M1 (AFM1) is the major carcinogenic type frequently found in milk and dairy products, thus posing a significant impact on human health. The current study was undertaken to examine milk and some dairy products for contamination with AFM1 in local markets, Sharkia Governorate, Egypt, as well as the effect of manufacture. A total of 75 samples (15, each) of raw milk, pasteurized milk, yoghurt, processed cheese and Domiati cheese were randomly collected. AFM1 was detected in 27 (36%) out of the examined samples in which the level of AFM1 exceeded the limits (0 ng/L, kg) allowed by Egyptian regulation but only 6 (8%) samples exceeded the limits (50 ng/L, kg) allowed by European Commission regulation. Levels of AFM1 contamination in the examined milk and dairy products with mean values of 35.68 ± 10.90, 45.83 ± 7.80, 7.57 ± 1.92, 24.53 ± 3.91 and 42 ± 4.93 ng/L, kg in raw milk, pasteurized milk, yoghurt, processed cheese and Domiati cheese, respectively, were detected. The level of AFM1 decreased after yoghurt manufactur, while, cheese manufacture showed concentration of AFM1 in curd than those in cheese milk. During refrigeration storage of yoghurt, the mean AFM1 toxin decreased after one, two, three, seven days, respectively, then nearly similar level from seven days to fourteen days of storage. In conclusion, widespread presence of AFM1 in raw milk and some dairy products were considered to be possible hazards for public health especially children therefore, continuous monitoring of AFM1 level in commonly marketed raw milk and dairy products in Sharkia markets should be regularly done. Manufacture and storage had little effect on AFM1 content in milk and dairy products, therefore, new or modern technologies for detoxification of milk should be further studied.
Introduction
Milk and dairy products are principal components in human diet that may be the way for entrance of mycotoxins into the human body posing risk for consumers, inparticular, infants and young children [1, 2] .
Mycotoxins, principaly produced by filamentous fungi, are naturally occurring secondary metabolites [3] . They constitute a major problem for food industries due to their effect on productivity, welfare and health of dairy animals, as well as, they impair food safety for humans and animals [4] . Global concerns about mycotoxins have been evoked due to their association with certain animal and human disorders such as acute toxicity and sometimes they are linked with certain types of cancer [5] .
Aflatoxins (AFs) produced by Aspergillus flavus, Aspergillus parasiticus and rarely by Aspergillus nomius are the most carcinogenic and toxic type of mycotoxins. They can contaminate cattle feed, fruits, vegetables, different types of food and cereals [6] .
Twenty AFs including AFB1, AFB2, AFG1 and AFG2 belong to a larger group of toxic compounds named di-furanocoumarins, are the most concerned types that naturally contaminate food [7] . Of them, AFB1 is the most toxic and carcinogenic and classified according to the International Agency for Research on Cancer (IARC) as class 1 human carcinogen [8] .
The monohydroxy derivative (AFM1) of AFB1 is produced after metabolization following consumption of contaminated feed by lactating cows. After ingestion of contaminated feed meal, AFM1 is present in cow's milk with the percentage of 1-6% of AFB1 from a few hours after the ingestion of contaminated meal and up to two days after suspension of the feeding diet [9] . The occurrence and incidence of AFM1 contamination in milk and dairy products varies according to the country of origin [10] . Contamination of milk and dairy products is of public health concern mainly in growing infants because they depend on milk as a major source of nutrients [11] . Strict regulations about the permissible level of AFM1 in milk and dairy products in the developed countries are applied due to the high hepatocarcinogenic potential of the toxin.
More restrictive milk limit for consumption by nursing infants and children are implemented by the European Union (EU) legislation on food contaminants due to the slower rate of carcinogen biotransformation in children than in adults [12] .
A wide variety of methods were applied to control and decrease AFM1 contamination of feed and food. Elimination of aflatoxin with physical and chemical methods have some disadvantages which limit their use such as insufficiency of toxin elimination, high costs and losing the nutritional value of the product [13] . The present study was undertaken to (i) determine the AFM1 level in milk and some dairy products, (ii) compare the positive levels, if any, with the permissible limits by the Egyptian Standard and the European Commissions and finally (iii) evaluate the effect of milk manufacture of some dairy products on AFM1 levels.
Material and Methods

Collection of samples
Seventy-five samples comprised of raw milk, pasteurized milk, yoghurt, processed cheese and Domiati cheese (15, each) were collected from different local markets in Sharkia Governorate, Egypt. Samples were transported to the laboratory in an insulating container at 4°C as soon as possible for AFM1 analysis.
Preparation of samples
All samples were prepared using the outlined method in the ELISA kits and according to the official method specified in ELISA System Aflatoxin M1.
Twenty milliliters of each milk sample were centrifuged at 3500 rpm for 10 min. After removing the fatty layer, 100 μL of the defatted milk were used for the determination of AFM1. For yoghurt samples, ten grams of each yoghourt sample were added to 100 mL of warm (20-25ºC) deionized water and shaked for 10 mins in speed of 250 rpm for 1 min. Centrifugation was carried out at 3500 rpm for 10 mins at 4ºC. Following discarding the upper creamy layer, the lower phases were further diluted 20 times (v/v) with deionized water and 100 μL of the diluted samples were used for AFM1 estimation.
From each cheese sample, 2 g were homogenized and added to 40 mL of dichloromethane. Extraction of the mixture was carried out by shaking for 15 min, and then the suspensions were filtered and 10 mL of the filtrate were evaporated at 60°C under weak N 2 stream. The oily residue was redissolved in a mixture of 0.5 mL phosphate buffer saline, 0.5 mL methanol and 1 mL of heptane. Centrifugation of the mixture was performed at 2700 rpm for 15 min. Afetr removing the upper layer of heptane, 100 μL of the aliquot were diluted with 400 μL of kit buffer and 100 μL of the diluted samples were used for AFM1 determination.
Quantitative analysis of AFM1 by competitive ELISA
Competitive ELISA (RIDASCREEN AFM1, R-Biopharm) procedure as described by in the manufacturer guidelines was used for the quantification of AFM1 in milk and dairy products.
The effect of manufacture on AFM1 level
Yoghurt manufacture and storage
Three naturally contaminated milk samples with AFM1 concentration of 35, 55 and 70 ng/L were used in the experiment. Two hundred mL of each sample were heated in water bath at 92°C for 3 min then cooled to 42°C and the starter culture (1%, v/v) was added [14] . The samples were thoroughly mixed and incubated at 37°C till curdling. The incubated yoghurt samples were analyzed at zero time then after 1, 2, 3, 7 and 14 days from storage at refrigeration temperature. At each storage time, three yoghurt samples were used to determine AFM1 level. The pH was measured at the time of testing throughout the duration of experiment (14 days) by direct insertion of the electrode (pH meter, Adwa kft, AD11, Romania) into well mixed samples.
Soft cheese manufacture
Three naturally contaminated milk samples with AFM1 concentration of 35, 55 and 70 ng/L were used for cheese manufacture. From each sample, 750 mL were heated in water bath at 92°C for 3 min then cooled to 42°C then rennet (3 mL) was added [15] . Following stirring of the samples, they were covered and maintained at 35°C for 1 h. The cheese curd was then cut into cubes and the excess whey was removed by squeezing. In small container with air openings, the curd was kept undisturbed for 5 h. Analysis of the curds and whey was carried out in triplicate for AFM1 quantification.
Data Analysis
A two-way ANOVA using SPSS ver. 22 (IBM Corp., Armonk, NY, USA) was used for all analysis. Results with P < 0.05 were considered significantly different. 
Results and Discussion
In the current study, a total of 75 milk and dairy products' samples were analyzed for AFM1. The results revealed that 27 (36%) out of the examined samples were contaminated with AFM1. The occurrence of AFM1 in raw milk samples ranged from 6.40 to 70 ng/L with a mean value of 35.68 ± 10.90. Of these samples, 5 (33.3%) exceeded the Egyptian regulation limit for AFM1 (0 ng/L) while only 2 (13.3%) samples exceeded the European Commission regulation (50 ng/L) ( Table 2) . Lower findings were obtained by Aiad and Aboelmakarem [16] while higher result by Hosny et al. [17] . The present study revealed the contamination of the examined samples with AFM1 in milk and dairy products thus posing a potential risk to human health. (Tables 1, 2 ).
According to Elsayed and Abdelfatah [19] and Temamogullari and Kanici [20] , AFM1 was detected in both yoghurt and processed cheese samples in lower percentage, while Iqbal and Asi [21] detected the toxin in both products with higher percentage than our results. Regarding Domiati cheese, 46.7% of the samples were contaminated with AFM1 with levels ranged between 22.60 -74.23 ng/kg and a mean value of 47.68 ± 6.94. All the positive samples exceeded the Egyption regulation limit, while, 2 (13.3%) samples exceeded the European Commission regulation (Tables 1,  2 ). Higher result was reported by Hosny et al. [17] . In another investigations, AFM1 was detected in cheese with the values 64, 64.8, 78 and 80% [22] [23] [24] [25] .
In our study, the results clarified that yoghurt was the lowest in the contamination level among all the examined products, while, cheese samples have the highest contamination level.
The detection levels of AFM1 during fermentation and storage at refrigeration are shown in Table 3 . Milk contaminated with AFM1 in three concentrations; 35, 55 and 70 ng/L was used for the experiment. The mean concentrations of the toxin in yoghurt for the three concentrations respectively, decreased with the percentages of 0.9, 10.9, 13.1, 44.5, 47.6, 55.6; 0. 8, 5, 15.3, 19, 19.8, 20 .5 and 7, 16.9, 25, 32, 39.4, 40.2 in pasteurized milk then at zero time (fresh yoghurt), and after one, two, three, seven days, respectively, then nearly similar level of AFM1 from seven days to fourteen days of storage. The decreases in AFM1 levels were associated with a gradual decrease in pH values. Statistical significant differences (P< 0.05) between the decrease in concentrations of AFM1 were detected after yoghurt manufacturing. The significant reduction of AFM1 with yoghurt manufacturing is in agreement with Govaris et al. [14] ; Aiad and Aboelmakarem [16] and Iha et al. [26] . In contrary, Bakirci [27] detected variable AFM1 content increase (13%) in yoghurt related to the milk contamination.
Other studies reported no influence on AFM1 content upon manufacturing of yoghurt or storage for 7 days at 7°C [28, 29] . Several factors including low pH, formation of organic acids or fermentation of other products and even the presence of Lactobacillus species could be contributed to the decrease in AFM1 level. Moreover, changes in milk protein structure such as formation of yoghurt coagulum from casein are resulted from the decrease in pH during fermentations [30] . This structure change affecting the AFM1 association with this protein [31] leading to an adsorption or occlusion of the toxin in the precipitate. Lactic acid bacteria (LAB) such as Lactobacillus bulgaricus and Streptococcus thermophilus have the ability to bind with AFM1 [32] , thus, resulting in the reduction of free AFM1 content in liquid culture medium and during yogurt processing. Consequently, LAB can be used for the reduction of AFM1 as a biological agent. During soft cheese production, AFM1 distribution in curd and whey is illustrated in Table 4 . The total AFM1 content decreased by 27.6, 27.4 and 29.6% in the three trials. This reduction could be attributed to several factors such as, the interaction between the toxin and the protein in the products, the use of cheese cloth and production environment . In the curds, the concentrations of AFM1 over three trials were 2.08, 1.87 and 1.76-fold higher than in cheese milk, this was consistent with the findings previously reported [16, 26] . However, an increase of 2 and 4-folds was previously reported [27, [33] [34] [35] . The relatively higher content of water (residual whey) in the samples might have contributed to such difference. The mean of AFM1 concentration in whey (39.2% ) was in agreement with Bakirci [27] , while, other studies reported arange of 40 to 60% [33] [34] [35] . Variable AFM1 contamination levels in different types of cheese samples have been reported in several studies. This could be attributed to different factors such as procedures of cheese manufacturing and storage conditions including humidity and temperature which are essential for toxin production [36] . In addition, extraction technique, methodology, type and degree of milk contamination, differences in milk quality and the presence of curd in whey could influence AFM1 concentration during cheese manufacturing process [16] . Cheese types, conditions of cheese ripening [35] and the seasonal and geographical effects are factors that have also influence in the level of AFM1 [37] . Association of AFM1 with casein fraction in milk, have contributed to consider cheese as the most important source of aflatoxin [38] .
Aflatoxicosis is the disease resulted from presence of aflatoxins in humans. Therefore, the presence of AFM1 may be specified as Aflatoxicosis M1. Consequently, AFM1 is considered as an etiological factor for a foodborne zoonosis namely Aflatoxicosis M1 [39] . The most prominent signs of aflatoxicosis include hemorrhage, anemia and reduction of immune function, in addition to hepatotoxicosis, teratogenesis, carcinogenesis and mutagenesis. The target organ for the carcinogenic and toxic effect of AFs is liver [40] . Increased risk of developing cancer in humans has been linked to the exposure to AFM1 [41] , thus WHO-IARC [42] changed its classification from group 2 (possibly human carcinogen) to group 1 (human carcinogen) agents. The level and duration of exposure to AFM1 have influenced its carcinogenicity. Regular consumption of milk and dairy products (infant milk, yoghurt, cheese, butter) is the main route of exposure to the toxin [43] . Therefore, strict regulations about the AFM1 maximum permissible limit in milk and dairy products have been issued by several countries to protect consumers especially children [44] .
Conclusion
In conclusion, this study revealed that AFM1 could be found in dairy products manufactured from contaminated milk, therefore, the only practical way to ensure the safety of milk and dairy products for human consumption is avoiding their contamination. Yoghurt manufacture resulted in a decrease in the AFM1 contents while cheese manufacture from AFM1 contaminated milk showed concentration of AFM1 in curd than those in cheese milk. Using new or modern technologies for detoxification of milk should be further studied. Applying of a food control system, such as the HACCP system, in the food industries is suggested as an efficient means for limiting contamination of mycotoxin.
